An apparatus for measuring the resistance and reactance of a Subject, or a Segment of a Subject, includes a constant current Source Supplying a periodic high frequency input current to the Subject. The constant current Source controls the input current to a targeted value by measuring the actual current through the Subject and comparing that actual cur rent to the target current. The resulting error Signal controls the input current. The input current is Supplied to the Segment through a coupling transformer, and another cou pling transformer coupled to a resistor in the Subject path Supplies the value of the actual current. The apparatus also includes an impedance measuring circuit that detects an output Voltage acroSS the Segment, preferably using a detec tion coupling transformer, and produces at least one of a reactance output Signal and a resistance output Signal using the output Voltage. In one aspect, an automatic shut down circuit is included.
20 Claims, 6 Drawing Sheets 2. Description of the Related Art Bioelectrical impedance measurements have been employed to determine various body characteristics, Such as blood flow, cardiac output and composition including an assessment of body fat, lean body mass and body cell mass. To determine body composition, a four-electrode impedance plethysmograph is usually employed. A first pair of Source or current electrodes is connected to a human body typically on a hand and a foot. Specifically, one Source electrode is attached to the dorsal Surface of a hand over the metacarpals, whereas the other Source electrode is attached to the distal end of the third metatarsal bone of the foot. One electrode of a Second pair of detecting or Sensing electrodes is traditionally attached to the dorsal Surface of a hand between the bony prominences of the wrist, whereas a Second Sensing electrode is positioned between the lateral and medial bony prominence of an ankle. An excitation current generated by the plethysmograph is applied to the Source electrodes and thus introduced into the body. For example, an 800 microampere, 50 kHZ current is typically employed.
The human body opposes the conduction of electrical current, and this ability to oppose current is called imped ance. Impedance is measured by the plethysmograph, which generally includes a measuring circuit, an amplifier and an indicator circuit. Then, the impedance is used to predict other physiological parameters. For example, body resis tance can be combined in an equation with the weight and height of the subject to predict total body water (TBW).
Existing measuring devices do not isolate the Subject from the electronics of the measuring device to prevent potential electrical shockS and improve the common mode rejection ratio. Further, accuracy of measurement is important because of the use of the measurements as predictors of health. Many of the inaccuracies of the impedance measure ments are related to noise generated by the existing mea Suring circuits themselves. The more noise generated, the less likely Small changes in impedance are able to be measured. Temperature Sensitivity can also be a problem in existing devices, particularly when the device is portable.
It would be desirable to provide a bioelectrical impedance measurement apparatus that increases the accuracy of a Single body compositional measurement of a Subject while isolating the Subject from the electronic components of the apparatus. It would also be desirable to make the apparatus portable.
SUMMARY OF THE INVENTION
The present invention is an apparatus for determining bioelectrical impedance measurements. Specifically, the present invention is an apparatus for measuring an imped ance of a Segment of a Subject, comprising: a constant current Source wherein a level of an input current is con trolled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current; and an impedance measuring circuit detecting an output voltage across the Segment and adapted to produce at least one of a reactance output signal and a resistance output Signal using the output voltage. In one aspect of the invention, the constant current Source comprises: a direct current power Supply providing a Voltage Source to an oscillating current Source; a first amplifier connected to the oscillating current Source wherein the gain of the first amplifier is controlled by the feedback loop; and an input coupling transformer receiving the output of the first amplifier and adapted to Supply the input current through first external leads connectable to the Segment. In a preferred aspect, the oscillating current Source is a Colpitts oscillator.
In another aspect of the invention, the feedback loop of the constant current Source comprises: a reference resistor coupled to a reference coupling transformer for measuring a constant current signal corresponding to the actual current through the Segment; means for producing the error Signal by comparing the constant current Signal to a reference Signal corresponding to the target current; and a modulator for controlling the gain of the first amplifier using the error Signal. In a preferred aspect, the modulator is an optocoupler that changes resistance based on a value of the error Signal.
In another aspect of the invention, the means for produc ing the error Signal comprises: a buffer amplifier connected to the reference transformer and adapted to produce an amplified constant current signal; a rectifier connected to the buffer amplifier and adapted to rectify the amplified constant current Signal, and a comparator receiving an output of the rectifier and the reference Signal and producing the error Signal. The rectifier can be a precision rectifier.
In yet another aspect of the present invention, the imped ance measuring circuit comprises: a detection coupling transformer adapted to detect the output Voltage; an output amplifier connected to the detection transformer adapted to produce an amplified output signal; and means for convert ing the amplified output Signal into the reactance output Signal and the resistance output Signal. The amplified output Signal can be capacitively coupled to the means for convert ing the amplified output Signal into the reactance output Signal and the resistance output signal. Preferably, the detec tion coupling transformer is designed for a common mode rejection ratio of greater than 90 dB at its operating fre quency.
In one aspect of the invention including the means for converting the amplified output Signal into the reactance output Signal and the resistance output Signal, the means includes: an integrator connected to receive the amplified constant current Signal; a first balanced Synchronous demodulator adapted to produce a first and a Second direct current differential Signal using a first reference vector provided by the integrator; a Second balanced Synchronous demodulator adapted to produce a third and a fourth direct current differential Signal using a Second reference vector provided by the buffer amplifier; a first instrumentation amplifier adapted to convert the first and Second direct current differential Signals into the reactance output signal; and a Second instrumentation amplifier adapted to convert the third and fourth direct current differential signals into the resistance output Signal. Preferably, the first and the Second balanced Synchronous demodulators are two passive ana logue phase detectors.
In yet another aspect of the invention, the invention further comprises an automatic shut down circuit adapted to shut down operation of at least one of the constant current Source and the impedance measuring circuit after at least one predetermined time period. The automatic shut down circuit can include isolating means to isolate a power Supply from at least one of the constant current Source and the impedance measuring circuit.
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The invention can further comprise reporting means for reporting at least one of the reactance output signal and the resistance output signal.
In one aspect of the invention, the constant current Source Supplies the input current through first external leads con nectable to the Segment and the impedance measuring circuit measures the output voltage through Second external leads connectable to the Segment.
Another aspect of the apparatus for measuring an imped ance of a Segment of a Subject comprises: a constant current Source Supplying a level of an input current to an input coupling transformer through first external leads connect able to the Segment; a detection coupling transformer using Second external leads connectable to the Segment, which transformer detects an output Voltage across the Segment; and a circuit adapted to produce at least one output signal using the output Voltage.
In one aspect, the invention further comprises a reference resistor coupled to a reference coupling transformer for measuring a constant current Signal corresponding to an actual current through the Segment and providing an input to the constant current Source.
In another aspect of the invention, the level of the input current is controlled by an error Signal representing a difference between an actual current measured through the Segment and a target current. Preferably, an optocoupler controls the level of the input current using the error Signal.
In yet another aspect, the detection coupling transformer is designed for a common mode rejection ratio of greater than 90 dB at its operating frequency.
Thus, the present invention is an apparatus that measures the resistance and reactance of a Subject, or portion of a Subject, directly while isolating the Subject from the elec tronic components of the apparatus. The invention further provides a very accurate body composition measurement due to low noise. The extremely low power consumption of the apparatus and its relative temperature insensitivity con tribute to its easy portability. 4 delivers a constant current to the Subject using a constant current System, to be hereinafter described, measures the Voltage drop acroSS the Subject, determines the resistance and reactance internal to the Subject from the Voltage drop and reports the result.
The apparatus 10, shown generally in FIG. 1 , is controlled by a power supply 12, to be described in further detail hereinafter, which power Supply 12 preferably includes a Single nine-volt alkaline battery. The power Supply 12 provides DC operating Voltages for the System of V+ and V-. The power Supply also provides a precision DC Source for analog processing of +DC volts and -DC volts. In one aspect, V+ and +DC volts are each +5.0 volts, and V and -DC volts are each -5.0 volts. The constant current System is a System that causes current in the Subject to remain constant at a predetermined value, preferably 425 microamps at 50 kHz. The maximum current should not exceed 500 microamps RMS at 50 kHz. To maintain a constant current, the constant current System Supplies an input current to the Subject, compares the current through the Subject to a reference, and adjusts the input current based on the comparison. In a preferred aspect, the constant current System is a transformer coupled, open loop DC Servo System that includes an oscillator 14, an amplifier 16, a modulator 18, an input coupling transformer 20, a measuring circuit 24, a buffer amplifier 26, a rectifier 28, a DC reference source 30, and a comparator 32.
Specifically, an oscillator 14 provides a main oscillating signal to drive an amplifier 16. As shown in detail in FIG. 2, the amplifier 16 is preferably configured as a non-inverting operational amplifier ("op amp'), i.e., the sinusoidal output of the oscillator 14 is input into the non-inverting input of the opamp, and the feedback of the op amp is coupled to the inverting input through a resistor. Amplifier 16 and all of the other op amps in the apparatus 10, unless Stated otherwise, are standard op amps such as op amps OP282 and OP482 from Analog Devices of Norwood, Mass. The gain of the amplifier 16, and thus the current through the Subject, is controlled by a modulator 18, to be described in further detail hereinafter.
The oscillator 14 is also shown in detail in FIG. 2.
Preferably, the oscillator 14 is a single FET transistor configured as a Colpitts oscillator, which creates an extremely clean Sinusoidal wave with low power drain. Although the invention is described in reference to a Colpitts oscillator, any oscillator can be incorporated into the present invention. The oscillator 14 is supplied by a DC voltage Source, preferably +DC volts and -DC volts from the power Supply 12. Resonance is achieved by an inductive tank circuit with two Series capacitors. The frequency of oscil lation is described by the following equation: f is the frequency of oscillation; L is the inductor of the tank circuit and is preferably 8.2 Mhy; C and C are the two series capacitors of the tank circuit and are preferably each 2200 pf capacitors, and C is a tuning capacitor rated from 15 to 60 pf. Capacitor C is in parallel to C, and is preferably a The reference coupling transformer 58 is a 600 ohm one-to-one transformer, by example, where the primary is ungrounded, but the Secondary is grounded. Both the input coupling transformer 20 and the reference coupling transformer 58 should have an appropriate isolation barrier, Such as a 750 volt RMS isolation barrier. This configuration, together with the configuration of the detection transformer 34 as herein after described, isolates the Subject from all active circuitry.
The secondary of the reference coupling transformer 58 is input into the non-inverting input of a buffer amplifier 26 with a gain of preferably 6.5. As shown in detail in FIG. 2 , the buffer amplifier 26 is a Standard non-inverting op amp in one aspect of the invention. The inverting input of the buffer amplifier 26 is grounded through a resistor in Series with a capacitor. The buffer amplifier 26 incorporates an adjustable capacitor 60 in parallel with both the resistor and the capacitor and a Selected capacitor 62 in parallel with the resistor. Together, the adjustable capacitor 60 and the Selected capacitor 62 adjust the vector of the full Scale resistance reported by the meterboard 42, to be discussed in more detail hereinafter. The value of the Selected capacitor 62 depends upon the reference coupling transformer 58 and is a 150 to 200 pf mica capacitor, for example. The adjust able capacitor 60 varies from 15-60 pf in this aspect. The output of this buffer amplifier 26, is fed through a resistor and provides reference vectors for the phase discrimination system 38, shown in FIG. 1 and also to be discussed in more While the rectifier 28 can be a standard rectifier, in a preferred aspect the rectifier 28 is a precision rectifier including a resistor array coupled to an op amp. Specifically, the output of the buffer amplifier 26 is supplied to one input of an op amp through an input resistor, along with feedback from parallel diodes arranged Such that the forward conduc tion of each is switch with reference to the feedback path.
Each diode is in Series with a resistor, each resistor located closest to the input. Another resistor taps the point between the cathode of the diode with forward conduction with reference to the feedback path and its Series resistor. The other end of this resistor is connected through a capacitor to the other input of the op amp and is then grounded. The output from this resistor is also the rectified Voltage repre Senting the actual current that is Supplied to the comparator 32. All of the resistors incorporated into the rectifier 28 are the same value, 4.7 kilo-ohms by example.
The DC reference source 30 should produce a very steady, fixed DC reference, preferably accomplished using a preci Sion shunt regulator diode. In the aspect shown in FIG. 2 , the DC reference Source 30 is Supplied by a negative Voltage Source, Such as -DC volts from the power Supply 12, which goes through a voltage divider in parallel with a LM336-2.5 reference diode by National Semiconductor Corp. of Santa Clara, Calif. Specifically, the negative Voltage Source -DC Volts is fed through a resistor is connected to the anode of the reference diode. Prior to this connection to the anode of the reference diode, another resistor is connected Such that the Second end of the resistor is connected to the cathode of the reference diode through another resistor. A capacitor is placed in parallel to the reference diode. This configuration results in a precision DC reference of 1.0 volt, for example, at the Second end of the resistor. In an alternative design, a 7 Standard Zener diode could be incorporated in place of the shunt regulator diode.
The comparator 32 is a Standard comparator that com pares the rectified signal from the rectifier 28 to the DC reference from the DC reference source 30. The comparator 32 shown in FIG.2 has a grounded non-inverting input. The precision rectified Signal and the precision DC reference are Supplied through resistors of the Same value, 100 kilo-ohms by example, to the inverting input through a Summing point, which point also includes the feedback Supplied through a capacitor. AS mentioned, the output of the comparator 32 is the DC error signal that drives the modulator 18.
Returning now to FIG. 1 , the detection of a voltage drop acroSS the Subject, and thus the first Step in the measurement of the impedance, is performed by a detection transformer 34 through conventionally placing standard electrodes 55 in the Subject interface 22 close to the leads 54, which leads 54 are shown in FIG. 2 . Alternatively, the two electrodes 55 could be part of a tetrapolar lead, as previously discussed. The detection transformer 34 receives the unbalanced input from the Subject at its primary and provides a balanced output at its Secondary. Preferably, the detection transformer 34 is a custom-wound transformer with a turns ratio of 10,000 to 1, and an operating frequency of 50 kHz. The detection transformer 34 is heavily insulated to reduce capacitance between the layerS and is designed for a com mon mode rejection ratio of greater than 90 DB with Virtually Zero insertion loSS, that is, the insertion loSS is greater than 1.0 mega-ohm impedance at the operating frequency. In a high pot test, the Sustainable Voltage greater than 1000 volts AC. As shown in FIG. 3, this transformer 34 provides no reference to ground in the Subject, and the Secondary is grounded through a center-tapped resistor 34a, preferably 1.0 mega-ohm.
The Voltage from the Secondary of the detection trans former 34 is amplified through an RF amplifier 36, shown generally in FIG.1 . In the aspect shown in detail in FIG. 3 , the RF amplifier 36 consists of two op amps 70 configured as non-inverting common mode instrumentation amplifiers. Specifically, each tap from the Secondary of the detection transformer 34 is connected to a non-inverting input of one of the op amps 70. The inverting inputs of the op amps 70 receive feedback through resistors, and the inverting inputs are coupled through another resistor in parallel with a capacitor, which controls the common mode gain. The subject variable differential outputs of the RF amplifier 36 are capacitively coupled to the phase discrimination System 38 through four coupling capacitors 72 of 0.1 micro-farads each, by example.
AS also shown in FIG. 3 , the phase discrimination System 38 includes phase detectors 74, 76. Each phase detector 74, 76 is an identically designed balanced Synchronous demodulator, except for the analog reference Signal Supplied to each. In the aspect shown, the phase detectors 74, 76 are two passive analogue phase detectors that resolve the Subject reactance and resistance obtained from the RF amplifier 36 through comparison to analog reference reactance 78 and resistance 80 signals. The output of each op amp 70 of the RF amplifier 36 provides one input to each phase detector 74, 76. Although the phase detectors shown are passive analogue detectors, in an alternative aspect, the invention can incorporate digital demodulators. However, the Solid State demodulator is preferred for low power consumption and overall temperature Stability due to the excellent tem perature match of the demodulation diodes 84, to be dis Returning now to FIG. 3 , the reference reactance and resistance vectorS Supplied by the integrator 40 and the buffer amplifier 26, respectively, are each fed through two capacitors of the same value arranged in parallel. The resulting analog reference reactance 78 and resistance 80 Signals are Supplied to the phase detectorS 74 and 76, respectively. The signals 78, 80 are also fed through resistors of the same value to a common ground 82, which is also supplied to both phase detectors 74, 76.
In general, the phase detectors 74, 76 each include cir cuitry for demodulation and low pass filtering. The phase detectors 74, 76 include two series resistors coupled to the coupling capacitors 72. Phase demodulation is achieved by Switching the forward conduction of two demodulation diodes 84 with respect to each reference Signal. Specifically, between the two Series resistors in each leg of each phase detector 74, 76 is a center tap connected to the cathode of a demodulation diode 84. The analog reference analog refer ence reactance 78 and resistance 80 signals are each Sup plied to the common anodes of the demodulation diodes 84. After the Second Series resistor of each leg of the phase detector 74, 76, two resistors are placed in parallel with two capacitors. The center tap between each resistor and capaci tor is grounded to the common ground 82. Preferably, the diodes 84 are those on the CA3039 diode array from Harris Semiconductor (Intersil Corporation) of Palm Bay, Fla.
because the temperature match between the diodes is typi cally 1 micro-Volt per degree Celsius, resulting in tempera ture stability.
The Signals produced after demodulation and low pass filtering through the phase detectors 74, 76 are two DC differential signals 86, 88 referenced to ground representing the reactance amplitude and two DC differential signals 90, 92 referenced to ground representing the resistance ampli tude. These signals 86, 88,90 and 92 are then converted to single-ended DC outputs 100,102 by a pair of high quality instrumentation amplifiers 94, 96. The reactance differential signals 86 and 88 are input into the inverting and non inverting inputs, respectively, of the first amplifier 94, and the output of first amplifier 94 is the reactance DC output 100. The resistance differential signals 90 and 92 are input into the inverting and non-inverting inputs, respectively, of the second amplifier 96, and the output of the second amplifier 96 is the resistance DC output 102. An external resistor is connected to each amplifier 94, 96 Such that the gain of each is 3.00 +/-one percent. The DC output 100,102 of each instrumentation amplifier 94, 96 is coupled to its respective analog reference signal 78, 80 through an optional resistor 98, which performs the function of boosting the linearity of the signal. The instrumentation amplifiers 94, 96 should have low DC offset and excellent temperature stability. One suitable amplifier is AD623 from Analog Devices of Norwood, Mass. While common mode rejection is intrinsic throughout the entire design, requiring no common mode adjustments, Zero and full Scale resistance and reactance must be adjusted to In one aspect of the invention, an auto Shut-down circuit cuts off the power to most components of the apparatuS 10 under predetermined conditions. As shown in FIG.5A , an op amp 142 amplifies the precision absolute value generated by the rectifier 28. That signal is supplied to the base of a transistor 144 through a resistor, and the emitter is connected to the common cathode, capacitor and resistor connection of provides an input to the programmable timer 156, to be hereinafter discussed, which determines, in part, how long the apparatus 10 operates prior to shut down. The optocou pler 150 also isolates the battery 170, to be hereinafter discussed, from the remainder of the power Supply 12, So that only the timer 156 and some related components are receiving power at all times.
Turning now to FIG . 5B, the collector of the transistor 144 is supplied to the LED cathode of the optocoupler 150. The LED anode of the optocoupler 150 is connected to the cathode of another LED 152, and the anode of the LED 152 is connected to +DC volts through a series resistor. The MOSFET drain of the optocoupler 150 is connected to one 11 input of a 2-input NAND Schmitt trigger 154. The other input to the trigger 154 will be described hereinafter. The MOSFETsource is connected to the negative supply voltage V-, which provides a low voltage input to a programmable timer 156.
As shown in FIG. 5B , the programmable timer 156 is a multiple Stage ripple counter capable of achieving a variety of timing based on different conditions. The programmable timer 156 shown is MC14536B from ON Semiconductor of Phoenix, Ariz. Another suitable chip is HCF4536BE by STMicroelectronics of Geneva, Switzerland. The program mable timer 156 would start counting upon a signal to its Reset input, and time out based on the System conditions as indicated by the input signals into the timer 156. For example, the timer 156 would allow operation of the appa ratus 10 for 9.42 seconds when no subject is connected to the leads and 10.05 minutes when a subject is connected to the leads, as indicated by the output of the optocoupler 150. The programmable timer 156 should also be capable of operating for a longer period of time for a test mode, such as 160.79 minutes.
The timer 156 Reset input is triggered by an "ON" Switch 160 provided with a connection to ground. The "ON" Switch 160 can be any suitable switch, such as a touch pad. The other end of the Switch 160 is connected to the positive Supply Voltage V+, which provides a high Voltage input to the programmable timer 156 through a resistor before the Switch is connected to a Series resistor connected to a grounded capacitor. Then, the connection from the "ON" Switch 160 is provided to both inputs of a NAND Schmitt trigger 164. The output of the trigger 164 provides the Reset input to the timer 156.
AS mentioned, the timer 156 times out based on the System conditions as indicated by the inputs to the timer 156. One input to the timer 156 is the Reset, at a high level when the "ON" switch 160 is pressed. Another input, also previ ously mentioned, is the output of the 2-input NAND Schmitt trigger 154, which receives as one of its inputs the output of As also shown in FIG. 5B , the Out 1 and Out 2 pins of the timer 156 are used in conjunction with the In-1 pin of the timer 156 to form an RC oscillator. Specifically, the Out 1 pin is connected to a capacitor, while the Out 2 pin is connected to a resistor. The capacitor and the resistor are commonly connected to another resistor connected to the In-1 pin. The Decode Out of the timer 156 provides an input to the Osc Inhibit pin, and also provides both inputs to a 2-input NAND Schmitt trigger 168, the output of which is connected to the power Supply 12. Thus, this circuit provides an auto shut-down Sequence. The regulated 12 volt output of the Switcher 176 is used to produce +DC volts and -DC volts. Specifically, the positive output 178 from Vout is connected to ground through a capacitor prior to being Supplied to a first precision 5.0 volt shunt regulator diode 182 producing a precision voltage of -DC volts. Similarly, the negative output 180 is connected to ground through a capacitor prior to being Supplied to a Second precision 5.0 volt shunt regulator diode 184 producing a precision voltage of +DC volts. The output of each regulator diode 182, 184 is grounded through a capacitor. The shunt regulator diodes 182, 184 could each be LM320LZ-5.0 reference diodes from National Semiconduc tor Corp. of Santa Clara, Calif.
Thus, the present invention measures the resistance and reactance of a Subject, or portion of a Subject, while isolating the Subject from the electronic components of the apparatus through the use of coupling transformers. Accuracy is achieved, in part, due the accuracy of the constant current System, which Supplies a constant current within 1.0% of the targeted value. Accuracy is also assured by measuring the current at the Subject acroSS a reference resistor, not at the Source, eliminating all phase shift between the Source ref erence and the leads. Common mode rejection is inherent throughout the design and temperature drift is low, greatly reducing power consumption. Due to the low power consumption, a nine Volt battery will last for a year under normal operations.
What is claimed is:
1. An apparatus for measuring an impedance of a Segment of a Subject, comprising: a constant current Source wherein a level of an input current is controlled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current; and an impedance measuring circuit detecting an output Volt age acroSS the Segment and adapted to produce at least one of a reactance output Signal and a resistance output Signal using the output voltage, and wherein neither one of the constant current Source and the impedance measuring circuit share a common ground with the Subject. 2. The apparatus according to claim 1, further comprising: reporting means for reporting at least one of the reactance output signal and the resistance output Signal. 3. The apparatus according to claim 1, wherein the constant current Source Supplies the input current through first external leads connectable to the Segment and the impedance measuring circuit measures the output voltage through Second external leads connectable to the Segment.
4. An apparatus for measuring an impedance of a Segment of a Subject, comprising: a constant current Source wherein a level of an input current is controlled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current; and an impedance measuring circuit detecting an output Volt age acroSS the Segment and adapted to produce at least one of a reactance output Signal and a resistance output Signal using the output voltage; and wherein the con Stant current Source includes: a direct power Supply providing a Voltage Source to an oscillating current Source; a first amplifier connected to the OScillating current Source wherein the gain of the first amplifier is controlled by the feedback loop; and an input coupling transformer receiving the output of the first amplifier and adapted to Supply the input current through first external leads connectable to the Segment. 5. The apparatus according to claim 4, wherein the oscillating current Source comprises:
a Single field-effect transistor configured as a Colpitts oscillator.
6. An apparatus for measuring an impedance of a Segment of a Subject, comprising: a constant current Source wherein a level of an input current is controlled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current; and an impedance measuring circuit detecting an output Volt age acroSS the Segment and adapted to produce at least one of a reactance output Signal and a resistance output Signal using the output Voltage; and wherein the feed back loop of the constant current Source includes: a reference resistor coupled to a reference coupling transformer for measuring a constant current Signal corresponding to the actual current through the Seg ment, 8. The apparatus according to claim 6, wherein the means for producing the error Signal comprises: a buffer amplifier connected to the reference transformer and adapted to produce an amplified constant current Signal; a rectifier connected to the buffer amplifier and adapted to rectify the amplified constant current Signal; and a comparator receiving an output of the rectifier and the reference Signal and producing the error Signal. 9. An apparatus for measuring an impedance of a Segment of a Subject, comprising: a constant current Source wherein a level of an input current is controlled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current; and an impedance measuring circuit detecting an output Volt age acroSS the Segment and adapted to produce at least one of a reactance output Signal and a resistance output Signal using the output Voltage; and wherein the imped ance measuring circuit comprises: a detection coupling transformer adapted to detect the output voltage; an output amplifier connected to the detection trans former adapted to produce an amplified output Sig nal; and means for converting the amplified output signal into the at least one of the reactance output signal and the resistance output signal. 10. The apparatus according to claim 9, wherein the amplified output signal is capacitively coupled to the means for converting the amplified output Signal into the reactance output signal and the resistance output Signal.
11. The apparatus according to claim 9, wherein the detection coupling transformer is designed for a common mode rejection ratio of greater than 90 dB at its operating frequency.
12. The apparatus according to claim 9, wherein the feedback loop comprises: a reference resistor coupled to a reference transformer for measuring a constant current Signal corresponding to the actual current through the Segment; and a buffer amplifier connected to the reference transformer and adapted to produce an amplified constant current Signal; and wherein the means for converting the output voltage into the reactance output Signal and the resistance output Signal includes: an integrator connected to receive the amplified con Stant current Signal; a first balanced Synchronous demodulator adapted to produce a first and a Second direct current differential Signal using a first reference vector provided by the integrator; a Second balanced Synchronous demodulator adapted to produce a third and a fourth direct current differential Signal using a Second reference vector provided by the buffer amplifier; a first instrumentation amplifier adapted to convert the first and Second direct current differential Signals into the reactance output signal, and a Second instrumentation amplifier adapted to convert the third and fourth direct current differential signals into the resistance output Signal. 13. The apparatus according to claim 12, wherein the first and the Second balanced Synchronous demodulators are two passive analogue phase detectors.
14. An apparatus for measuring an impedance of a Seg ment of a Subject, comprising: a constant current Source wherein a level of an input current is controlled by a feedback loop using an error Signal representing a difference between an actual current measured through the Segment and a target current, an impedance measuring circuit detecting an output Volt age acroSS the Segment and adapted to produce at least one of a reactance output Signal and a resistance output Signal using the output Voltage; and an automatic shut down circuit adapted to Shut down operation of at least one of the constant current Source and the impedance measuring circuit after at least one predetermined time period. 15. The apparatus according to claim 14, wherein the automatic shut down circuit comprises:
isolating means to isolate a power Supply from at least one of the constant current Source and the impedance measuring circuit. 16. An apparatus for measuring an impedance of a Seg ment of a Subject, comprising: a constant current Source Supplying a level of an input current to an input coupling transformer through first external leads connectable to the Segment; a detection coupling transformer detecting an output Voltage acroSS the Segment through Second external leads connectable to the Segment, and a circuit adapted to produce at least one output Signal using the output Voltage. 17. The apparatus according to claim 16, further com prising: a reference resistor coupled to a reference coupling trans former for measuring a constant current Signal corre sponding to an actual current through the Segment and providing an input to the constant current Source. 18. The apparatus according to claim 16, wherein the level of the input current is controlled by an error Signal repre Senting a difference between an actual current measured through the Segment and a target current.
19. The apparatus according to claim 18, further com prising:
an optocoupler controlling the level of the input current using the error Signal. 20. The apparatus according to claim 16, wherein the detection coupling transformer is designed for a common mode rejection ratio of greater than 90 dB at its operating frequency.
